China's spectacular economic growth has been spatially uneven, with much development occurring in eastern coastal areas. In particular, three metropolitan 'super-regions' have become China's most competitive knowledge-based economies, consisting of the Pearl River Delta, the Yangtze River Delta, and the Bohai Gulf Region. This paper benchmarks the competitiveness of these regions, with a view to exploring which region is best positioned to become the most dominant knowledge-based economy over time. Through the theoretical lens of dynamic comparative advantage, it is shown that each region has hugely increased its competitiveness through improvements in the capacity to absorb and diffuse knowledge. It is further shown that due to multi-dimensional advantages the Yangtze River Delta, incorporating the Shanghai metropolis, is best positioned to become the dominant hub of China's future knowledge economy. It is concluded that China's leading regions will require further economic policy adjustments in order to secure their future competitiveness.
Introduction
Since reforming and opening-up to the world, the Chinese economy has developed rapidly.
Gross Domestic Product (GDP) grew from US$501 billion in 1978 to US$11,273 billion in 2011 US$11,273 billion in (2011 , increasing by 9.9% annually, with GDP per capita increasing 16 times. This growth, however, has been far from even, mainly occurring in particular regions that have witnessed massive urbanization. This is, in part due, to reform from a highly centralized planned economy to a market economy, and subsequent opening-up to a more globally integrated economy (Gereffi, 2009) , being coupled with a range of state instigated regional development strategies (Lin, 1999; Matthews, 2001; Li, 2004; Lu and Wang, 2002; Groenewold et al., 2007; Groenewold et al., 2010) . In particular, the Chinese government focused its strategies on developing the eastern coastal regions of the nation due to more advantageous physical and economic conditions (Sun, 2003; Friedmann, 2006) . This has led to three metropolitan super-regions becoming China's dominant and most competitive economic spaces, consisting of: the Pearl River Delta in the south with its strong influence from Hong Kong; the Yangtze River Delta dominated by Shanghai; and the Bohai Gulf Region around Beijing. Tan (2011) refers to the innovation-led growth in coastal cities such as Beijing, Shanghai, and Shenzhen as a process of 'Chinnovation'. However, the extent to which innovation has driven regional competitiveness in China remains somewhat contested (Huang, 2008) , and an examination of the rapid growth occurring in these fast growing super-regions provides a useful opportunity to contribute to the increasingly important discourse concerning the processes by which regions within emerging economies are able to make the transition to more competitive knowledge-based environments (Scott and Garofoli, 2007; Phan et al., 2008) . This paper seeks to examine differences in regional development processes across China's leading regions. In particular, it aims to explore which region is best positioned to become the most economically dominant over time, especially in terms of possessing a knowledge-based economy that may result in it achieving the status of 'China's Silicon Valley super-region'. It also aims to provide evidence on the potential limitations of growth in China's leading regions.
To achieve these aims, the paper adapts and operationalizes the model of regional competitiveness proposed by Martin and Sunley (2011) , which is based on factors concerning regional dynamic comparative advantage. In order to empirically utilize the dynamic comparative advantage model in the context of the knowledge economy, the regional competitiveness benchmarking framework proposed by Huggins (2010) is also employed.
This involves benchmarking each region in terms of the individual components of the framework using performance, process and policy approaches. This utilises quantitative measures to capture regional strengths and weaknesses, but also considers qualitative aspects.
As models created for developed country contexts may not be appropriate for emerging economies such as China (Liu and White, 2001a; Radosevic, 2002; Hu and Mathews, 2005; Gu and Lundvall, 2006; Shie et al., 2012) , the model of dynamic competitive advantage within the Chinese context is tested through further analysis within the performance benchmarking element.
The remainder of the paper is structured as follows. Section 2 considers the literature relating to the knowledge-based development and dynamic comparative advantage, and how these apply to the emerging region context. The three case study regions are briefly introduced in Section 3. More detail is provided in relation to the data and methods used within the benchmarking analysis in Section 4. Sections 5 to 8 concentrate on the four main elements of the dynamic comparative advantage model, with performance, process and policy benchmarking undertaken for each. Section 9 presents the results of the regression analysis of the components of the dynamic competitive advantage framework. Section 10 summarizes the findings of the paper and outlines the conclusions that can be drawn.
Knowledge-Based Dynamic Comparative Advantage in the Context of China
The concept of the knowledge-based economy has emerged from an increasing recognition of the requirement for the production, distribution and use of knowledge within modern economies (Harris, 2001; Huggins and Izushi, 2007) . Alongside this, the endogenous school of regional development has proved to be of particular relevance in emerging regional environments, which has lighted the need to maximize the effectiveness of the particular and potential unique resources (Garofoli, 1992; Vázquez-Barquero, 2007) . More recently, Martin and Sunley (2011) outline a model of dynamic of competitive advantage, which illustrates that it is not just the presence of resources which is important, but how they are deployed, to create outputs enabling a region or country to not only compete in the present, but to be able to adapt and continue to compete in the future. Martin and Sunley (2011) develop the notion of dynamic comparative advantage as a means of addressing what they consider to be the cluster model of regional competitiveness developed by Porter (1998) . In particular, they consider that cluster analysis is not fit for purpose when analysing the 'new global competition' stemming from China and other emerging economies.
According to Martin and Sunley (2011) , the dynamic comparative advantage of regions lies in the effectiveness and adaptability of the link between the resource base of regions -in terms of their underlying fundamentals and externalities -and the strategies of firms in these regions. This represents an interesting twist on the concept of regional competitiveness as it highlights that is it is co-evolutionary process, involving both elements of continuity (and path dependence) -stemming from regional resource base -and elements of change stemming from the need for firms in a region to constantly adapt to changing markets, competition, and technology. Regional knowledge resources -there are a number of routes for regions to access knowledge. These may be based around domestic industry champions, public sector research institutions, or leverage of multinational corporations (Mathews, 2001) . Which is most appropriate is likely to be influenced by the knowledge resources available, as indicated by the first component of the dynamic competitive advantage framework. These regional knowledge resources can be split into those classed as regional externalities and regional fundamentals (Krugman, 2005) . In the knowledge economy regional externalities are those resources drawn upon in the knowledge creation process, including tangible resources such as education establishments and the creation of human capital, encapsulated in skilled labor.
Regional fundamentals relate to the social, economic, cultural and political institutions and conditions. In all three of the routes to knowledge acquisition outlined by Mathews (2001) it is important that a minimum level of education is present to allow the knowledge available to be absorbed into the system (Romer, 1993; Viotti, 2002) .
To benefit from knowledge resources the development of absorptive capacity is required, defined as the ability to identify, assimilate and exploit knowledge from external sources (Cohen and Levinthal, 1990) . Absorptive capacity is mediated by the wider environment in which a firm competes and operates, with firms that are part of local economic systems, such industrial clusters, more likely to be characterized by strong absorptive capacity (Van den Bosch et al., 1999; Giuliani, 2005) . The ability to ensure that external knowledge adds economic value in a region depends on its absorptive capacity channels, whereby external knowledge may flow into a region through one or more of the following channels: business, academic, and social networks; established firms and organizations in the region; or through active and passive learning -diffusion (Mahroum et al., 2008) . Clearly the creation of human capital through education plays an important role in increasing this absorptive capacity, and is, therefore, a key component of regional resources.
In an emerging economy context, such as China, Foreign Direct Investment (FDI) potentially plays a vital role -depending upon its nature and characteristics -in regional innovation and absorptive capacity processes, particularly its capability to create and exploit new knowledge through technological and managerial advances Fu, 2008) . Knowledge enters the regional economy through technological spillovers from foreign affiliates boosting productivity (Blomstrom and Kokko, 1998; Liu, 2008; Fleisher et al., 2010; Ke, 2010) , and facilitating greater innovation outputs (Fu, 2008) . This means that global networks accessible through foreign affiliates allow local firms to tap into the initial ideas required to stimulate the innovation process (Liefner et al., 2006) . Fears of appropriation due to weak intellectual property rights could result in foreign firms limiting R&D activities to localization orientated R&D (Liu and White, 2001b; Fan and Hu, 2007) . This lack of property right protection is a widely acknowledged problem faced throughout China, which potentially limits the incentive for firms to invest in proprietary knowledge (Gao and Fu, 1996; Gao, 2000; Liu and White, 2001a) . Although there have been improvements in the intellectual property protection, there is often still a lack of appropriate implementation and enforcement (Dai and Xu. 2000; Liu and White, 2001b) . In response, the government has developed a technology market to aid the transfer of technology from developers to users (Liu and White, 2001a; Awokuse and Yin, 2010) . However, China still lacks the required concentration of support institutions such as vibrant venture capital, consultancy and legal industries to enable technology transfer, although these are continuing to evolve (Wu, 2007b) . Further, differences in the needs of emerging economies from those served by developed country technology, also ensure that FDI tends to act as a regional resource utilized by the indigenous innovation system rather than as a pure source of technology (Fu et al., 2011) . Although internationally owned, foreign affiliates provide a knowledge resource within the region although the quality and extent of access to this resource depends largely on the human capital available. Limited absorptive capacity in some regions still prevents the correct functioning of such a technology markets in the twenty-first century (Gu and Lundvall, 2006) . FDI and the human capital of the workforce are, therefore, two key regional knowledge resources that will be concentrated upon within this study, although these will need to be supported by appropriate social and cultural components. Other resources are diverse in nature. Social and cultural inputs may be captured by measures including: educational outputs such as textbooks published (Crossley and Murby, 1994) , community service centres (Xu et al., 2005) , health care institutions (Zhang and Kanbur, 2005; Gilson, 2005) , along with physical infrastructure such as transport links captured by passenger numbers (Démurger, 2001) .
Regional organisations' comparative advantage of knowledge resources -it is not just the resources available, but as captured by the second component of the framework, how these are deployed within firms that is important in generating innovative outputs. The capacity to diffuse knowledge concerns the collective ability of a region to adapt and assimilate new innovations, practices and technologies, and spread them throughout the region. Diffusion can occur through either 'active' or 'passive' emulation. The former may take place through activities such as purchases and imports of new patents, technologies or systems, while the latter mainly occurs through applied learning, reverse engineering or efforts to catch up with the competition (Coe and Helpman, 1995; Mahroum et al., 2008) .
This means that while knowledge may be created through a number of routes, the extent to which this can be fully exploited is influenced by the capability of regional firms in creating a comparative advantage of resources through their strategic use (Martin and Sunley, 2011) .
Such activities require knowledge resources to be employed in the right manner, for example, deployment of skilled personnel within R&D positions (Ballot et al., 2001) . The use of networks to secure access to both knowledge held regionally, but also that drawn from global sources, is vital as an input into new knowledge creation (Bathelt et al., 2004) . In terms of deployment of the knowledge resources discussed above, studies in more peripheral regions of developed economies have found that R&D expenditure is positively associated with innovation outputs even where the underlying context may not appear suitable (BilbaoOsorio and Rodríguez-Pose, 2004) , and perhaps may have an even greater impact on innovative performance in emerging economies, such as China, than in developed economies (Wang and Kafouros, 2007) . This is particularly found to be the case for private sector R&D expenditure (Guan and Liu, 2005) . Although spending on R&D is important, it is also wise to consider the human capital allocated to R&D (Ballot et al., 2001; Liu and White, 2001b) , as increased spending could just be increasing the rewards to an inelastic supply of skilled workers (Goolsbee, 1998) .
The tradition in China of the direct control of primary innovation actors by secondary actors, such as government bodies, led to little incentive to link primary actors together (Liu and White, 2001a) . Diffusion from state-owned enterprises to other firms mainly occurs through the introduction of technical workers and new industrial facilities (Liu and White, 2000; Li, 2002; Hu and Jefferson, 2002; Xue, 2004; Chang, 2008; Wu, 2010) . Even with changing attitudes in recent years, the primary focus of most Chinese firms since gaining greater freedom has clearly been on developing marketing and manufacturing capabilities, rather than innovation capabilities (He et al., 2008; Li, 2009 ). Further, although potentially being a knowledge resource themselves foreign affiliates may draw other resources away from domestic enterprises, or lead to, domestic enterprises relying on foreign technology rather than developing their own (Lin, 2002) .
Knowledge competitive and adaptive advantage of a region's organizations -the use of these knowledge resources as inputs should generate competitive advantage for firms manifested through the production of knowledge outputs, such as patents and new products, as well as ensuring access to export markets. Although it is difficult to capture many of the competitive and adaptive advantages accrued as the resource based view of the firm suggests that these need to be non-imitable, rare and valuable (Barney, 1995) . In order for an advantage to be sustainable it tends to rely on the possession of tacit knowledge rather than that, which is codifiable (Hooley and Greenley, 2005; Nahapiet and Ghoshal, 1998) . This means that only part of the competitive advantage can be measured through the performance benchmarking, that associated with codified knowledge, although Acs et al. (2002) suggest that patent counts are a good measure of innovative activity within a region's firms, at least in more developed countries. Until recently the rapid increase in R&D units and expenditure in China, has not been matched by the same increase in R&D outputs.
One factor potentially holding innovative output generation back is the legal system in China. This has not yet been transformed to a stage where intellectual property right protection through patenting and licensing is a feasible option for many research institutions such as universities. This is further hindered by the lack of technology intermediaries to aid the exploitation of patents and licenses (Wu, 2010) . Where linkages between firms and other actors -such as research institutes and universities -have developed, these are positively associated with increased effectiveness in converting R&D inputs into utility patents, reflecting smaller incremental innovations, but not the creation of invention patent applications associated with radical innovation (Li, 2009) . In general, the innovative performance of Chinese regions has become more widely distributed, as firms have taken a more dominant role in their emerging regional innovation systems (Tylecote, 2006; Li, 2009) .
Associations with foreign affiliates may have the potential to yield increased innovative outputs for private enterprises as they take a greater role in regional innovative systems. However, only a small number of associations formed, those linked specifically to technological tie-ups, are linked to greater innovation (Sun and Du, 2011) . More recently, growing demand in domestic markets has meant that China has sought to attract FDI through the promise of admission to domestic markets in return for access to technology and partnership with local firms (Zhou et al., 2011) . However, the benefits of 'obligated embeddedness' may be reduced, as on the whole Chinese markets are less sophisticated, placing a continuing emphasis on price than quality, resulting in less pressure being exerted on domestic suppliers by foreign affiliates (Sun and Du, 2011) . It seems that the regional innovation systems in China remain less effective than those in most advanced economies in converting R&D inputs into more knowledge-intensive innovations (Li, 2009) , stifling the competitive and adaptive advantage of these firms.
The other evidence of competitive and adaptive advantage is manifested through the firm's ability to generate innovations in terms of new products, which may not be patented to maintain trade secrets (Cheung and Lin, 2004; Sun and Du, 2011) , but show an ability of the regions' firms to adapt to new patterns of market demand (Martin and Sunley, 2011) . Finally, the ability to compete internationally through exports is seen as vital for many regional and national policy makers in emerging economies (Gereffi, 2009; Venables, 2005) .
Dynamic regional comparative advantage -as for overall dynamic regional comparative advantage, this is likely to be reflected in the type of employment and associated remuneration from the competitive and adaptive advantage of a region's firms in the knowledge economy. This will then feed back into a region's knowledge resources. Although measures of regional or national competitiveness have traditionally focused on productivity it is also acknowledged that the welfare of the citizens should be a key priority (Storper, 1997; Huggins, 2003; Aiginger, 2006) . This means that as well as considering the success of regional enterprises it is key that this is translated into a sustainable rise in the population's standard of living, with not only average wages, but access to work as captured by the unemployment rate acting as key measures of the extent that this is achieved. Since 2003, Chinese policy has begun to shift from rewarding export focused development to the greater encouragement of domestic innovation (Zhou et al., 2011; Shie et al., 2012) , which does provide incentives for regions to generate on-going and sustained dynamic competitive advantage, rather than the more temporary cost advantages associated with labor intensive activities.
Although Figure 1 summarizes the links between the different elements of an adapted dynamic regional comparative advantage model, and indicates some of those potential measures that could be used within performance benchmarking at each stage, it is recognized that this is to some extent a simplification of the overall picture. It is only possible to capture a true notion of the regions' strengths and weaknesses in the knowledge economy by considering not only the quantifiable measures associated with performance benchmarking, but also the more qualitative aspects of the structures and systems underlying these measures through process benchmarking. These have to be put in the context of the government policies currently and previously utilized, which requires a policy benchmarking approach to also be adopted. Only through a combination of all three benchmarking approaches, can the true strengths and weaknesses of the three regions' knowledge economies be identified and compared. The three regions are discussed in the next section, before the operationalization of the benchmarking activities are outlined in section 4.
Case Study Regions
The case study regions -consisting of the Bohai Gulf Region (BGR), Yangtze River Delta (YRD), and Pearl River Delta (PRD) -are widely acknowledged as China's most competitive and knowledge-based spatial areas of economic activity. All three regions are situated in the more prosperous eastern coastal region of China. It is possible to distinguish between the 'broad' city-region (Zhao and Zhang, 2007) , and a 'narrower' spatial definition of the region for each of the regions, and in this study it is the broader city-regions that are the focus of the analysis. In the narrow sense, PRD consists of 9 cities, and extends to 14 in the broader sense -consisting of the whole of Guangdong province. The narrow sense of YRD consists of 16 cities surrounding Shanghai; and in the broader sense it consists of Jiangsu province, Zhejiang province and Shanghai. The narrow sense of BGR consists of 15 cities surrounding Beijing, and in the broader sense the Bohai Gulf region consists of Shandong province, Liaoning province, Hebei province, Beijing and Tianjin.
The three regions include 9 provinces or municipalities covering 9.5% of national surface area and 37.9% of the total Chinese population in 2008, but collectively account for 57.9% of total GDP. GDP per capita across the three regions is 1.5 times the national average, highlighting the economic significance of these regions (Table 1) . Table 1 About Here BGR is dominated by the presence of the national capital, Beijing, along with its associated government and public sector activities. The economic development of BGR has been shaped by the presence of a large number of public institutions, and the planned nature of its economy. YRD on the other hand, dominated by the city of Shanghai, has enjoyed a longer tradition of openness than much of China. YRD consists of 80 cities, small and large, which have constituted a hierarchy structure conducive to industrial development and knowledge diffusion. YRD has a strong industrial foundation, and is the birthplace of China's modern industry, which began to take shape in Shanghai, Wuxi and Suzhou in the early 20 th century.
In general, YRD has an advantage in terms of attracting resources, as it possesses the best infrastructure and location, with Shanghai identified as being the most attractive investment location within China (Jefferson and Kaifeng, 2002) . Similarly, PRD's geographical proximity to Hong Kong has been an important factor in the region's growth.
Historically, the economic context of PRD is almost the opposite of BGR. Before reform and opening-up, this region is best described by the Chinese saying Yiqiong erbai:
poverty and blankness. Under the central planning system, Guangdong province was given very low priority in terms of resource allocation, mainly due to its relatively weak industrial foundation, and the government's concern with its geographical proximity to Hong Kong and Taiwan (Vogel, 1989; Yang and Liao, 2010) . However, over the last three decades PRD has developed an export-oriented economy, with the sum of imports and exports, as well foreign capital, the highest of all provinces in China (Lu and Wei, 2007) . Although PRD has an outward orientation similar to that of YRD, this has been achieved over a much shorter period of time through considerable government intervention. This means that these three most economically developed regions of China have quite different development trajectories, which have led to their current widely varying sources of regional resource, capability and comparative advantage. The regions, therefore, provide a suitable cross-section to examine via Martin and Sunley's (2011) model of regional competitiveness in terms of past, current and future development.
Data and Methods
This study makes use of the dynamic comparative advantage model of Martin and Sunley (2011) as the base of the investigation into the three leading Chinese regions' strengths in the knowledge economy. In order to operationalize the framework the competitiveness benchmarking approaches outlined by Huggins (2010) For the process and policy benchmarking, qualitative analysis of data from the extant literature and other relevant studies are utilized to highlight the nature of relationships between, and the effective use of, knowledge resources and policy development. This provides a much more qualitative examination of the competitiveness of the three regions in terms of each of the components. This allows not only the quantity, but also the quality of each of these factors to be incorporated into the assessment of the regions' strengths within the knowledge economy.
Given the qualitative nature of the process and policy benchmarking, the opportunity to test the validity of the framework is limited to the performance measures. A panel regression approach is used to consider the relationships between the components. In order to provide sufficient observations, the data utilized here is at the province level, with data used for all 31 mainland provinces. Where available the time period covered runs from 2001 to 2011, however, missing data requires a shorter period to be considered for some measures.
Given the different sizes of the provincial economies all measures are scaled by regional GDP in the case of financial measures, such as expenditure on R&D, or by the population in the case of non-financial measures, such as patents granted. In order to undertake the panel regression it is necessary for the data to be stationary, so that it has no trend. To ensure that this is the case first differences of the scaled data were used, and in the case of college enrollment and patents further detrending was undertaken by regressing the series on a time series and utilizing the residuals created. Levin, Lin and Chu tests were used to confirm the lack of a common unit root process, and the Phillips-Perron Fisher chi-square test to check for individual unit root processes. All series were confirmed as stationary after differencing and detrending.
In each regression a measure from one of the components was regressed on the measures included in the preceding component, for example R&D expenditure was regressed on the regional knowledge resource measures. The independent variables were lagged one period to provide greater clarity of the direction of causality. Although the lag structure may be longer than a single year the limited period of data prevented longer lags being included.
Regional Resources

Performance Benchmarks
Overall, BGR has the strongest infrastructure, in terms of sheer size, for the development of human capital, with 382 of China's 1,794 (21.3%) of universities located in the region. It is also the location for many of the most prestigious universities, including 29 of the 72 universities affiliated with the Ministry of Education, as well as China's top two universitiesTsinghua University and Peking University -and 28 of China's top 100 universities (Wu, 2007a) . However, across the three regions YRD displays the highest number of higher education students per 100,000 of population (1,960) ( Table 3) . PRD actually has a lower proportion of the population in higher education than the Chinese average (84 percent of Chinese average). Table 3 About Here
This regional pattern of human capital formation is repeated in the terms of the educational qualifications already held within the population. The YRD proportion of the population with college or higher education is 37 percent above the Chinese national average.
BGR also displays an above average proportion of the population holding these higher qualifications. In PRD, the level of college and higher education qualifications held is below the national average, although an above average proportion of the population holds senior secondary education.
In terms of technological resources, China as a later developing economy has been in the position to catch-up with technology in other economies mainly through the attraction of FDI. This has made linking to other East Asian multinational corporations and suppliers important in allowing China to take a lead position in a number of markets (Wei et al., 1999; Gereffi, 2009 
Process Benchmarks
As well as the physical resources present the institutions within a region have an important role to play as part of a region's 'fundamentals', with their impact tending to be evident through processes of knowledge creation. Given the geographic proximity required to benefit from knowledge spillovers from foreign affiliates (Jaffe, 1986; Huang et al., 2012) , the concentration of FDI in PRD placed the region in a good position to grow using both foreign and domestic enterprise (He et al., 2008; Yang, 2009; Zheng, 2006; Lu and Wei, 2007) . In FDI from the west has tended to be significantly more advanced than other foreign investors in relation to technology and integrated management, and the diffusion effects of technology and synthesized knowledge are apparent, playing a vital role in improving the technological and industrial structure of YRD (Gan, 2003) . This has resulted in YRD drawing the highest proportion of new technology from overseas, with 88.3 per cent coming from abroad. In Shanghai, this was as high as 94.1 per cent (Fu, 2008) . 
Policy Benchmarks
Although government intervention is high by western standards, there are varying degrees of government control across the three case study regional economies. BGR generally retains the greater centralization and is the most heavily planned regional economy, and it has remained an important receiver of national investment for many years. In a more contemporary sense, PRD was the pilot region for Chinese reform and economic investment, which has subsequently provided it with a range of institutional advantages that have stimulated rapid economic development (Xie and Costa, 1991; Lu and Wei, 2007) . In 1978, when China first chose the path towards reform, PRD was selected as the pilot area for three of four special economic zones -Shenzhen, Zhuhai, and Shantou -are in PRD (the other Xiamen is in Fujian province), and among the 14 opened coastal port cities established in 1984, two cities -Guangzhou and Zhanjiang -in PRD were included (Wang and Bradbury, 1986) . As part of its pilot status, PRD was granted a range of 'special polices and flexible measures', with the region playing the role of both a testing ground and a showcase for China's new economic policies. Measures relating to extremely preferential taxation rates were initiated, with a tax rate of only 15% imposed for overseas investors, compared to 33% for domestic enterprises (as well as a tax holiday during the first two years of business) -a policy which remains in effect -along with a plethora of land-use policies (Lin, 2009) . PRD was also the first region to allow output of foreign affiliates to be targeted at the Chinese domestic, rather than the export, market (Wang and Meng, 2004) .
YRD has traditionally been one of China's most open regions, and after the Opium War Shanghai, as part of the first batch of modern Chinese cities, opened its gates and began the process of modernization, developing significant links with the capitalist production model. In YRD, local authorities have played an important role in developing industrial clusters using FDI, for instance setting-up industrial parks to house major Taiwanese original design producers and their suppliers in the notebook manufacturing industries (Greenaway et al., 2002) . In recent years, government incentives and policies have played a lesser role in the decision to locate in YRD, but factors such as industrial infrastructure, land use fees, and attitudes to FDI still influence the decision of where to locate within YRD (Wei, 2010) .
Deployment of Resources by Regional Organizations
Performance Benchmarks
The preceding component of regional knowledge resources provided an indication of the resources that were available as inputs into the knowledge creation process within the region.
However, in order for these resources to be utilized effectively it is important that resources are dedicated to appropriate activities. Private enterprises have come to account for an increasing proportion of R&D expenditure and employment in China, but this has occurred at different speeds across its regions (Li, 2009 
Process Benchmarks
It was noted in section 2 that the state tradition of direct control of innovative activities has left China's state-owned enterprises still possessing the highest quantity and best quality specialized technological human resources, with Shanghai's state-owned enterprises being China's strongest. Therefore, many technological problems arising in private enterprises and collectively-operated enterprises throughout YRD can potentially be solved by specialized talent residing in these state-owned enterprises.
As early as the 1980s, when Jiangsu and Zhejiang's township enterprises and private enterprises lacked technical talents, they invited engineers from Shanghai to help them solve technological problems largely in their spare time, a phenomenon known as the 'weekend engineer' which became more formalized in the 1990s (Rui, 2006) . At a firm level, stateowned enterprises in Shanghai also have a long tradition of supplier relationships with collectively-operated and private enterprises in Jiangsu, Zhejiang and the Shanghai suburban districts, which have acted as an important diffuser of knowledge stimulating the initial growth of private enterprises located in the region's smaller and more medium-sized cities (Wei, 2010) .
Although BGR has the advantage of hosting many of the top universities and government research institutes, to an extent this actually constrains diffusion. BGR has adopted a model of resource leverage placing a reliance on public sector institutions, including universities, to start the process of technology diffusion. Such is the relative glut of government research funding to universities and research institutions, most are not 'reliant' on forming industrial collaborations, which are generally weakly developed (Scherngell and Hu, 2011; Wu, 2007a; . Instead, the development of spin-off companies has become the most viable option for many researchers in BGR seeking to commercialize their knowledge or technology, leading to the development of a number of science parks to house these firms and others (Zhou, 2005) .
The number of universities in Shanghai is smaller than that of Beijing, but their ability to undertake technological commercialization is much stronger. An important difference is that while the main research funds for Beijing's universities are sourced from national and local government, Shanghai's universities obtain much of their funds from the private sector (Li, 2009 ). The more developed industrial base in YRD has heightened demand for these services and research, and universities in Shanghai have taken a strong initiative in meeting this demand, with R&D projects funded to ensure they are close to market demand. As such, two thirds of R&D expenditure in all organizations in Shanghai is directed at product or process development, with only 6 percent being allocated to basic research (Wu, 2007b) .
Given the potential for FDI to have both positive and negative influences it is the relationships between foreign affiliates and domestic firms that are the parameter of key importance, rather than the presence of foreign affiliates per se. In general, YRD has enjoyed better knowledge diffusion from overseas firms to domestic firms. Both firms and universities play important roles within a city-network framework based around Shanghai . However, there is still evidence in YRD of a dual economy, with foreign owned firms more likely to trade with other foreign affiliates than local firms (Wei, 2010) . In part, this is a result of development policy that has established greenfield technology parks where domestic firms have little or no presence (Wei, 2010) .
In PRD, on the other hand, there has traditionally been poor workforce and skills development, principally due to the historic lack of an industrial base and an associated welltrained pool of workers. In the 1980s, as Hong Kong's local manufacturing costs increased, more production took place in PRD, with transport costs being relatively low due to close proximity, with most of the PRD region being only one hour's driving time from Hong Kong (Cheng et al., 2004) . More recently, domestic firms have made more investments in R&D, with firms regarding cities such as Shenzhen as innovative hubs, although many foreign firms continue to regard them as little more than large-scale workshops (Zhou et al., 2011) .
Policy Benchmarks
Overall, the growth model of regional development in BGR can be considered governmentdriven due to the knowledge-based investment emanating from central government. During the 1990s, China focused more on the development of technology and education, particularly in BGR. The decision to accelerate the development of technology was taken by the CPC Central Committee and State Council in 1995, which proposed a strategy of strengthening the nation through the development of technology and education, especially scientific and industrial upgrading. The main methods consisted of increasing R&D investment in universities and other related research institutions, as well as promoting cooperation and the development of networks between enterprises and research institutions (Liu and Jiang, 2001; Asheim and Vang, 2004; Kroll and Liefner, 2008) . The Chinese Academy of Science affiliates in BGR received a significant proportion of related investments, and in recent years government R&D investment in the region has continued to grow, and on a per capita basis is ranked third across the globe.
In YRD, enterprises have played a greater role in R&D with the proportion of R&D expenditure by enterprises increasing over time. In particular, policy has encouraged this through the merger of some major research institutions with existing state enterprises (Wu, 2007b) . Although already possessing one of the most skilled workforces, to further encourage this Shanghai has provided incentives for Chinese foreign trained scientists to return to YRD, as well relaxing rules on the employment of non-local scientists (Wu, 2007b) .
In order to increase the level of technological transfer from foreign affiliates and move production up the value chain, in PRD the Shenzhen local government has implemented policies to encourage greater investment by high technology businesses, with policymakers playing a role in selecting the spatial and sectoral distribution of FDI (Wang and Meng, 2004; Lu and Wei, 2007) . Furthermore, the Special Economic Zone (SEZ) has stopped accepting applications from Sanlai Yibu (overseas) firms except those representing high-technology sectors (Lüthje, 2004) .
Competitive and Adaptive Advantage of Regional Organizations
Performance Benchmarks
In the previous section the correct positioning and combination of regional knowledge resources to undertake activities that lead to innovation was discussed. However, the success of this allocation of resources will be judged by the innovative outputs that this creates, the easiest to measure of these being patents, leading to a competitive and adaptive advantage for regional organizations (Cheung and Lin, 2004, Martin and Sunley, 2011) . Although, China as a whole has been portrayed as having a poor conversion rate of R&D inputs into innovative outputs (Li, 2009) , Figure 3 shows the YRD has seen a rapid increase in the number of patents granted per capita since 2008.
Insert Figure 3 about here
In absolute terms YRD generates the greatest number of innovative outputs (Table 5 ).
However, it should be noted that a vast bulk of these are design patents, largely representing smaller incremental innovations. There is a much less difference in the number of invention patents granted, with PRD generating a similar level of invention patents per head of population as YRD. Over the last ten years the proportion of patents granted classed as invention patents, associated with more radical innovation, have increased for all three regions. However, it is here that BGR has led the other three regions. Table 5 About Here YRD is most productive in terms of the number of new products being generated with a matching higher level of spending on creating these goods. Although PRD lags in these terms, after controlling for its smaller economy the commercial focus of YRD and PRD compared to BGR is evident, with a larger percentage of GDP dedicated to these activities.
YRD is clearly the most successful in generating sales revenue from these new products, in absolute terms and also as a percentage of GDP. Where PRD potentially lags is its ability to convert its investment in developing new products into sales, with this ratio lagging that of BGR and YRD. However, a much larger proportion of these sales come from exports in PRD, with BGR the most domestically orientated. With regard to international trade the value of all three regions' exports has increased rapidly over the last eight years. PRD's openness has ensured that it has the greatest export intensity per head, although its rate of increase is less than that of BGR and YRD. YRD exports the largest amount by value in absolute terms, and has also displayed the greatest increase in exports since 2000.
Process Benchmarks
A region's success in converting R&D inputs into innovative outputs from a process perspective will hinge to a degree on the institutions and partners that are in place to ensure the successful commercialization of research. The lack of reform of the legal system and scarcity of technology intermediaries mean that BGR, with its reliance on government funded R&D and state-owned nature of university research, faces considerable difficulties in ensuring that these institutions work effectively with the private sector (Eun et al., 2006; Wu, 2010) . Studies have also found that only a minority of relationships with foreign affiliates are associated with greater innovative outputs (Sun and Du, 2011) . As such BGR and YRD are likely to have seen greater gains through this process than PRD, and domestic technology clearly plays a more important role in PRD than the other regions, with 19.2 per cent of technology acquired domestically -the highest figure for the three regions (Fu, 2008) . From an initial focus on 'imitated innovation', more firms in PRD are now establishing 'selfinitiated innovation' that can compete with the foreign investors. For example, the capacity of self-initiated innovation among firms such as Huawei, ZTE, and TCL has improved markedly in recent years.
Policy Benchmarks
Up until the late 1990s, ownership restrictions prevented many academic entrepreneurs from starting their own businesses. This meant that the only alternative was the development of a University Owned Technology Enterprise (UOTE) (Kroll and Liefner, 2008) . However, a lack of incentives meant that these UOTEs were less successful than many had hoped for (Sanders and Yang, 2003) . A more market-oriented approach has been adopted since the late 1990s, with academic personnel given more freedom to start and own enterprises, leading to greater pull-entrepreneurship (Kroll and Liefner, 2008) .
Linking universities to local enterprise has been seen as a policy priority with neither party used to collaborating in this fashion. To encourage such collaboration universities in both BGR, and in particular in YRD, have been encouraged to develop science parks on their campuses (Wu, 2007b) . To aid technology transfer between universities and enterprise, state sponsored National Technology Transfer Centres (NTTC) have been given the role of linking to both multinational and domestic enterprises, acting as gatekeepers to imported technology (Wu, 2010) .
Dynamic Regional Comparative Advantage
Performance Benchmarks
Clearly, all three regions have achieved very high levels of growth since 1978, although such growth and development has not been uniform, with PRD experiencing the most rapid economic development and BGR the least. Between 1978 and 2005, the compound annual GDP growth rates of BGR, PRD and YRD are 14.9%, 16.8% and 15.4% (at current prices), respectively. In 2006, YRD's GDP per capita was twice the national average, reaching US$6,422, which based on purchasing power parity equates to US$ 22,304. When comparing the two Delta regions, we find that although GDP per capita in YRD is higher in absolute terms, PRD's growth performance is higher due to its low starting base. As Table 6 indicates, official figures suggest that this growth has translated into low unemployment across the three regions, although this may partly reflect the fact that many rural migrants do not appear in official unemployment figures (Solinger, 2006) . In general, rapid growth has seen GDP per capita increase quickly, with average wages following a similar pattern, although in BGR wages are relatively low compared to those in YRD and PRD. Table 6 About Here
Process Benchmarks
The state-driven approach to development in BGR clearly has certain advantages, but there is a danger that continuing that the government's directing of innovation activities, through its funding policies, may stifle development in the long-run (Wu, 2007a; . Furthermore, whilst state owned enterprises have traditionally have provided relatively high levels of remuneration (Zhao, 2002) , the lower commercial orientation of knowledge-creating institutions may mean that such enterprises will struggle to compete with the private enterprise-based models in other regions (Wu, 2007b) .
In the more FDI-driven model adopted in PRD there is a danger that resources will become drawn into a growth pole of internationally owned firms, resulting in little interaction with domestic enterprises (Myrdal, 1957; Fu, 2004; Aghion et al., 2005; Du et al., 2008; Kim et al., 2010; Wang and Meng, 2004) . In combination with relatively poor working conditions and detrimental impacts on the general environment from rapid urbanisation (Wei, 2010 ), PRD's relatively lower technology base may over time struggle to attract the type of capital and labour associated with continuous economic upgrading (Zhou et al., 2011) . Therefore, although currently holding a competitive advantage, facilitated by a high level of exports, PRD's firms may lack an adaptive advantage (Perkmann, 2006; Yang, 2009 ).
Overall, YRD can be considered to have the best economy in terms of aggregate competitiveness, but a potential downside of such competitiveness is that it could create pressures for domestic firms in terms of human capital retention (Wu, 2007b) . There is some evidence that this may already be occurring with domestic market and agglomeration effects influencing the decision to locate in YRD, especially the central areas of the region in and around Shanghai (Wei, 2010) .
Policy Benchmarks
As noted above, nationally the move from policies promoting an export orientation to encouragement of a more innovation based approach would be expected to start yielding greater more sustainable benefits in terms of rising living standards (Zhou et al., 2011; Shie et al., 2012) . At the regional level, however, PRD is held back by earlier policies requiring foreign affiliates to export their output, which limited the type and diversity of economic activity and created a degree of inflexibility (Yang, 2009) . Lower local government interference has made YRD more attractive (Yang, 2009) , and the mechanisms that have facilitated the feeding back of the fruits of attracted investment into the region's knowledge resources has led to Shanghai possessing a stronger innovation environment (Wu, 2007b) . The results indicate that some of the relationships between the components of the dynamic comparative advantage framework are stronger than others (Table 7) . There is only weak evidence connecting enrolment in college and university to deployment of knowledge resources within firms to undertake innovative activities when captured by R&D expenditure, and no evidence to connect human capital creation with R&D personnel. Foreign investment shows no significant relationship with regional organizations' comparative advantage of knowledge resources, which is consistent with the concerns raised by authors such as Gu and Lundvall (2006) suggesting many regions of China lack the absorptive capacity to take advantage of any technological spillovers, and Fan and Hu's (2007) suggestion that R&D activities will be largely absent from foreign affiliates. However, where knowledge resources are deployed appropriately, R&D expenditure is associated with both greater exports and patents being granted, whilst higher employment of R&D personnel is linked to patent generation (Panel B).
Relations between the components of the dynamic competitive advantage model
Overall, China's regions appear to struggle to turn such innovative outputs into higher standards of living (Panel C). The one exception is a positive relationship between invention patents granted and the average wage. Whilst bearing in mind the limitations of only considering performance related measures it appears that the relative under-development of the knowledge economy in China means that the population at large is only currently receiving benefits in terms of rising average wages in a small number of more successful clusters even within the three leading regions considered within this study.
The results of this section and those preceding it can be used to summarize the strengths and weaknesses of the three regions in terms of each of the main components of the dynamic competitive advantage model as appropriate for the knowledge economy (Table 8) . Table 8 About Here
The analysis throughout this study indicates that whilst both BGR and PRD have strengths in some components of the dynamic competitive advantage framework system, both have been hindered in achieving their maximum potential. In the case of BGR the high level of state involvement has hindered the commercial exploitation of the strong knowledge resources present. PRD, on the other hand, faced with a low level of knowledge resources initially, has adopted policies, which have led to a development path, which did not initially rely upon or encourage the appropriate deployment of knowledge resources. Although recently efforts have been made to exploit those knowledge resources now present, it is not possible to change the nature of development immediately. YRD has largely benefited from a combination of stronger knowledge resources and a more commercial deployment of these resources, which as shown in this section is likely to be reflected in greater innovative outputs. However, there is still a weaker element in terms of the knowledge competitive and adaptive advantage of organizations created with less emphasis on those innovative outputs that will raise living standards.
Conclusion
Through the theoretical lens of dynamic comparative advantage, this paper has benchmarked the competitiveness of China's leading three 'super-regions' with a view to determining which region, at this stage in its development, is likely to become the most dominant knowledge-based economic force. It has been shown that each region has hugely increased its competitiveness through dynamic improvements in the capacity to absorb and diffuse economically beneficial knowledge. In particular, the number of innovative outputs created has increased as the deployment of knowledge resources has increased. However, the importance of benchmarking competitiveness both in terms of processes and policy as well as the more widely used performance approach is clear given the lack of connection found between most of the components of the dynamic competitive advantage framework.
Similarly, simply increasing knowledge inputs such as the human capital encapsulated within the labour force and availability of new technology and working procedures through foreign investment is unlikely to be successful.
In overall terms, the competitiveness benchmarking exercise suggests that YRD, incorporating the Shanghai metropolis, is best positioned to become the dominant hub of the knowledge economy in China. YRD's advantages are multi-dimensional, with the region possessing the most advanced infrastructure, and generally being the most attractive location for investment. Coupled with a relatively highly skilled workforce, this has led to the region becoming the premier knowledge-based location for both indigenous and overseas investment.
YRD, especially Shanghai, has advantages in terms of its embedded industrialization and urbanization, which pre-dates the period of reform. Since reform, however, the region has rapidly evolved its economic structure, such that it is clearly the most innovative and technology-driven region in China, possessing relatively well developed regional knowledge diffusion and absorption channels. It has the most evolved economic and technological base, allowing it to absorb advanced technology from developed nations, and establish cooperation between local enterprises and foreign capital, which reinforces the development of the region.
In essence, the more pronounced shift toward a capitalist and market oriented economy in YRD has led to it becoming the leading region based on aggregate competitiveness. Although government intervention has been relatively light touch in the region, where is has occurred it has met with a significant degree of success, such as policies to stimulate industrial clusters anchored by FDI.
Although YRD has developed a dynamic regional comparative advantage at this point in time, some further policy adjustments will be required. For instance, while appropriate policies are being used to attract foreign knowledge assets to the region, these policies are not necessarily appropriate to maximize the diffusion of knowledge, and access to these resources, throughout the region (Huang, 2008) . This means that although possessing a comparative advantage of resources, which generates an adaptive advantage for its firms, this advantage has not yet matched the region's potential.
The growth models across all three regions are clearly linked to their pre-existing regional resources and institutions, and although PRD is lagging in terms of knowledge resources, it is making advances through the efficient use of available knowledge resources.
However, its lack of resources suggests that it will struggle to overhaul YRD as the most likely candidate to become the dominant knowledge centre in future years. Although lacking the knowledge resources of the other two regions, it is a very market-oriented region, with the market playing a critical role in resource allocation. A lack of absorptive capacity has prevented PRD from maximizing the potential of the knowledge resource that is its huge foreign investment, but the market-driven approach has enabled some firms within the region to generate an adaptive advantage. Combined with an appropriate shift in policy to promote the knowledge economy, there is evidence that the economy is beginning to elevate itself above what has sometimes been seen as an insurmountable lock-in to low cost, low value added production.
Although BGR possesses resource advantages in terms of regional externalities, it is currently limited by the prevailing institutional structure. At the outset of reform, the region would have appeared to be best positioned in terms of the resources available for the use within the knowledge economy, but it has not moved as swiftly towards a market-oriented system as the two Deltas, mainly due to historical factors and the continuing momentum of a planned economy approach. In BGR resources have proved less appropriate when processes are examined, and policy places a rigid hold on these resources. This has meant that the resource advantage has not generally led to a comparative advantage of knowledge resources for enterprises operating within the region. This ultimately appears to place the enterprises within BGR at an adaptive disadvantage, which could limit the potential of the region to become the dominant hub of the Chinese knowledge economy, even though its knowledge institutions are well resourced and internationally linked.
The continuance of marked differences in their knowledge bases means that while all three regions will more than likely continue to grow, they will do so through different ways.
A convergence in growth models will be more than partly dependent on the extent to which central and regional policymakers seek to, and are able to effectively, transfer policy lessons from across and within regions, such as policies aimed at increased marketization in BGR, or policies focused on indigenous innovation in PRD (Zhao and Tong, 2001; Wei and Ye, 2009) . A key policy issue for the regions, and China as a whole, is the future relationship between FDI and GDP. The strength of this relationship is by no means certain, and will depend in part on the type of FDI undertaken, especially whether it is oriented toward exports or import substitution (Li and Liu, 2005; Fleisher et al., 2010; Lu, 2010) .
Wider economic conditions in China will clearly play a role in this respect, and while economic reforms have helped provide a more liberalized trade regime, encouraging export oriented FDI, the emergence of skills shortages suggest that education and workforce could be an Achilles heel in the future (Zhang, 2001; Zhou et al., 2011) . At a regional level, some findings suggest that FDI located outside the key coastal regions tends to crowd out domestic investment (Wen, 2007; Ran et al., 2007) , which has led to policy moves away from the development of new special economic zones -and their associated tax benefits -to allow domestic firms to compete on a more level playing field (Fleisher et al., 2010) . In terms of university-driven development, a number of barriers associated the commercialization of university research remain in place (Wu, 2010) , with communication channels between universities and the private sector generally found to be of poor quality (Guan et al., 2005) .
Finally, this paper has sought to benchmark the super-regions of China, in order to speculate on their economic trajectories. Future research in this area would be advised to examine competitiveness at a less aggregated spatial level, in order to assess the extent to which intra-region connections have developed, and the extent to which the benefits are evenly or unevenly spread throughout the regions as a whole. Note: China = 100
Source: National Bureau of Statistics of China 
